This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PATENT SPECIFICATION 870,994 

NO DRAWINGS. 

Date of Application and filing Complete Specification : 
Nov. 20, 1957. No. 36178/57. 

Application made in United States of America on Nov. 21, 1956. 

Complete Specification Published : June 21, 1961. 



Index at Acceptance :— Classes 2(6), P2A, P2C(5 : 13B : 14A : 17 : 18), P2D1A, P2K(7 : 8), P4A, 

P4C(6 : 8B : 11 : 13A : 13B : 13C : 14A : 17 : 18), P4D(2 : 3A : 3B1 : 8), P4K(7 : 8 : 9 : 10), 
P4P(1B : 1C : 1E2 : 1E5 : IF : 2A1 : 2A4), P4T2D, P7A, P7C(5 : 8B : 11 : 13A : 13B : 13C : 14A : 
17 : 18), P7D(2A1 : 2A2B : 2A3 : 3 : 8), P7K(2 : 4 : 7 : 8 : 9 : 10), P7P(1B : 1C : 1E2 : 1E5 : 

IF : 2A1 : 2A4), P7T2D, P8A, P8C(5 : 8B : 11 : 13A : 13B : 13C : 14A : 17 : 18), 
P8D(1B : 2A : 2B2 : 3A : 3B : 6 : 8), P8K(2 : 4 : 7 : 8 : 9 : 10), P8P(1B : 1C : 1E2 : 1E5 : IF : 
2A1 : 2A4), P8T2D, P9A*.P90(5 : 8B : 11 : 13A : 13B : 13C : 14A : 17 : 18), P9D(1B1 : B13 : 3 : 8), 
P9K(4 : 7 : 8 : 10), P9P(1B : 1C : 1E2 : 1E5 : IF : 2A1 : 2A4), P9T2D, P10A, P10C(5 : 8B : 11 : 
13A : 13B : 13C : 14A : 17 : 18), P10D(1A : 2A : 8), P10K(4 : 7 : 9 : 10), P10P (IB : 1C : 1E2 : 
1E6 : IF : 2A1 : 2A4), P10T2D ; 1(1)» F17, H(11G : 11X : 12X) ; 6(2), E3 ; 46, B11B ; 70 EGA ; 

85, A1F ; 95, B4X ; and 140, E1A. 

International Classification C08L AOlg. BOIL B05. C02b. C08c. E21b. 




COMPLETE SPECIFICATION. 



Aqueous Emulsion Copolymers and Thickening Procedures Using Them. 



We, Rohm & Haas Company, a corpora- 
tion organized under the laws of the State 
of Delaware,. United States of America, of 
222 West Washington Square, Philadelphia 5, 
5 Pennsylvania, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement : — 

This invention is concerned with the pro- 
duction of novel aqueous dispersions of 
emulsion copolymers which have, besides 
other uses, capacity for thickening various 

15 systems, including, organic solvent systems, 
and outstanding capacity for thickening 
aqueous dispersions of water- insoluble poly- 
meric materials of either natural or artificial 
origin. The invention also relates to the use 

20 of the dispersions for various purposes and 
especially to the procedures for thickening 
aqueous systems using the copolymers of the 
present invention and the thickened systems 
thereby obtained. 

25 Salts of polyacrylic acid and polymetha- 
cryiio acid have heretofore been used as 
thickeners in various aqueous systems. 
Products useful for this purpose have also 
been made by the hydrolysis of polymerized 

30 esters, amides or nitriles of acrylio acid. 



Generally, hydrolysis of at least 60% of the 
acid derivative groups in the polymer was 
necessary to impart water-solubility to the 
hydrolysis product. The customary practice 
was to hydrolyze 70 to 90% or more of the 35 
estor, nitrile or amide groups usually with 
sodium or potassium hydroxides. Hydro- 
lysis products of this character are generally 
produced in concentrations of 5 to 15% in 
water, and, because of the difficulty and 40 
expense of drying the viscous product, they 
are generally sold and distributed in this 
aqueous form. Because of the extremely 
high viscosity of such hydrolysis produots, 
it has been necessary to dilute the aqueous 45 
solutions thereof to a concentration of 
approximately 5% before the viscosity is 
sufficiently lowered to assure adequate 
miscibility thereof with the aqueous disper- 
sion to be thickened in simple agitating and 50 
mixing equipment. Thus, in using such 
hydrolysis products, 19 parte of water is 
added for each part of the effective thickening 
agent during the incorporation of the 5% 
solution into the aqueous dispersion to be 55 
thickened. It is obvious that the use of 
such dilute solutions cannot be expected to 
produce the maximum increase in viscosity 
for a given weight of polymeric material- 
United States Patent 2,123,599 has already 60 
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the copolymerization of water- 
uhle derivatives of acrylio acid 01 
methacrylio acid, such as Hie esters or nitriles 
thereof by a technique which involves the 
5 em ulsifi cation of the monomers in an aqueous 
medium. Li some cases, artificial latices are 
^ -^jobtained, but, when ethyl acrylate was 
copolymerized -with acrylio acid, it is stated 
to have produced a hard elastic mass. 
10 British Patent 426,265 discloses the prepara- 
tion of aqueous dispersions of copolymers, 
containing up to about 15% of acrylio acid 
by eraulfflfioation of the monomers in an 
aqueous ~sy stem and polymerizing by adding 
15 suitable catalysts or- initiators. Copolymers 
containing such small amounts of acrylio 
acid, however, though increasing the viscosity 
of systems to which they are added and then 
neutralized with an alkaline material, such as 
20 sodium hydroxide, have limited capacities 
for . increasing the viscosity of the- -aqueous 
systems to which they are added7~"fn 
addition, concentrations of the acrylic acid 
copolymer must be greatly reduced, such as 
25 less than 20%, when greater than 15% of 
acrylio acid is attempted to be introduced 
into the copolymer by emulsion copolymeriza- 
tion technique. Otherwise, coagul 
hard elastic masses, as in XJ.S 
30 2,123,599, occurs. U.S. Patent- 2,326,078 
discloses the production of a copolymer of 
methyl methacrylate with at least 40% of 
methacrylio acid in granular form. The 
patentee states that this composition repre- 
35 sents the smallest amount of the methacrylio 
acid which can be employed to yield a 
copolymer soluble in aqueous solutions of 
sodium or potassium hydroxide. 
TJJS. Patent 2,244,703 suggests emulsion 
40 copolymerization of 30 to 98% of methacrylio 
acid with esters of such acid. However, it 
has been found that when such large amounts 
of the acid are used in admixture with meth- 
acrylio acid esters, in emulsion copoly- 
45 merization procedures, stable copolymer 
dispersions are not obtained unless the solids 
concentration is kept well below 25%, such 
as about 15%. This limits the efficiency of 
the system and increases the cost, especially 
50 when transportation over considerable dis- 
tances is required. Even more important is 
the feet that when such polymers are 
solubilized they give 'low aqueous viscosity 
and poor thickening efficiency in latex and 
55 pigment systems. 

In accordance with the present invention, 
there , is provided a stable aqueous dispersion 
of a water-insoluble emulsion copolymer 
containing 25 to 70% by weight oimetha- 
60 cry lie acid, at least 10% by weight of a 
copolymerized lower acrylate component 
constituted by one or more copolymerized 
acrylio acid esters of C x — C< alcohol, and 0 
to 40% by weight of one or more other co- 
65 polymerized neutral monoethylenically un- 



saturated monomers, the dispersion contain- 
ing a dispersing agent and having a solids 
concentration of 25% to 50% by weight. 

The dispersions of the invention, whilst 
having a fairly high concentration of solids, 70 
are mobile liquids and are thus readily 
adapted to be added directly to systems to 
be thickened. 

The lower acrylate or a mixture thereof 
may make up the entire balance of the 75 
emulsion copolymer (i.e. that portion not 
derived from methacrylio acid) or a portion 
of the balance (up to 40% by weight of the 
copolymer) may be derived from any other 
neutral monoethylenioally unsaturated co- SO 
polymerizable monomer or mixture thereof, 
methyl methacrylate being preferred. It is 
essential that the copolymers contain at least 
10% of a lower acrylate in any case. Besides 
imparting stability, it appears that the intro- 85 
duction of the lower acrylate serves to make 
the copolvmer insoluble in the free acid form 
yet soluble in alkaline media, such as sodium 
or potassium hydroxide, even though there 
may be less than 40% methacrylic acid in the 90 
copolymer, the low limit of alkali-solubility 
set in UJS. Patents 2,244,703 and 2,326,078. 

tion fe ThiaJs. quite an advantage since it renders 

Patent useful and for the thickening of aqueous 

systems such copolymers which contain less 95 
than 40% methacrylic acid, such as 25% or 
38%. Preferably, the emulsion copolymer 
contains no more than 50% by weight of 
copolymerized methacrylio acid because, if 
the proportion of methacrylic acid is in- 100 
creased beyond 50%, such as up to 60 or 70% 
or more by weight of the copolymer, the 
increased proportion of the acid reduces the 
efficiency of the salt of the copolymer in 
thickening some polymeric dispersions. 105 
Furthermore, as the proportion of metha- 
crylic acid is increased beyond about 50%, 
the upper limit of concentration of the poly- 
meric solids in the emulsion copolymerization 
system must be generally progressively 110 
lowered in order to obtain a stable dispersion. 
Consequently, such copolymer systems hav- 
ing increased acid content have the additional 
disadvantage of reduced concentration^ . -. 

Surprisingly, copolymers rontaining 25 to 115 
50% of methacrylic_acid and at least 10% of 
lower acrylate' units, especially of ethyl 
acrylate, with or without another comono- 
mer, such as methyl methacrylate, are 
capable of producing an increase in viscosity 120 
in certain aqueous dispersions to be thickened, 
especially water-insoluble polymer latices, 
from two to ten times the amount obtained 
by commonly used thickeners, based on the 
hydrolysis of polyaorylonitrile, when used in 125 
corresponding amounts on the basis of 
thickener solids added. Examples of the 
lower acrylates include methyl, ethyl, propyl, 
isopropyl, n-butyi, sec-butvl, isobutyl, and 
t-butyl acrylates. Examples of the other 130 
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monomers include any other acrylate, any 
ester of methacrylio (particularly methyl or 
butyl methacrylate) or itaconic acids, vinyl 
acetate, vinyl chloride, acrylonitrile, meth- 
5 acrylonitrile and styrene. 

The advantages of using the aqueous 
emulsion copolymers of the present invention 
as compared to the polymerio thickeners con- 
ventionally used heretofore include lower 

10 cost of manufacture, excellent reproduci- 
bility, high solids content which minimizes 
transportation cost, and high capacity of 
thickening a variety of systems on neutra- 
lization. The aqueous emulsion copolymers 

15 of the present invention are also rapidly 
solubilized by neutralization with bases, 
including ammonia, alkali metal hydroxides, 
such as sodium, potassium or lithium hy- 
droxide, water-soluble amines such as methyl - 

20 amine, trimethylamine, ethylamines, mono- 
ethanolamine, diethanolamine, triethanol- 
amine, morpholine and piperidfne. The fact 
that the emulsion copolymer is prepared and 
may be shipped in the acid form allows the 

25 user to prepare rapidly whatever salt is 
required for his particular application. This 
versatility is not present in the conventional 
water-soluble thickeners which are supplied 
in salt form. 

30 The emulsion copolymers of the present 
invention generally have a molecular weight 
of at least 100,000 and may have a molecular 
weight as high as several million. The 
emulsiner may be used in a proportion of £ 

35 to 6% of the weight of monomers. They 
may be produced by conventional aqueous 
emulsion polymerization techniques using 
appropriate emulsifying or dispersing agents 
for emulsifying the monomers and for main- 

40 taining the polymer obtained in dispersed 
condition. Preferably, water-soluble initia- 
tors are used such as the alkali metal or 
ammonium persulfates in amounts from 0.10 
to 3% on the weight of the monomers. Pre- 

45 ferably, too, a redox system is used in which 
the persulf ate or like initiator is used in 
conjunction with a reducing agent suoh as 
sodium metabisulfite in about the same pro- 
portion as the initiator. A promoter, such 

50 as small proportions of metal ions, suoh as 
copper or iron, may be used. The poly- 
merization may be effected as a batch system 
or by continuous addition of the monomers 
to the aqueous solution containing initiator, 

55 reducing agent and promoter. Generally, it 
is unnecessary to heat the polymerization 
system, and in many cases it may be desirable 
to cool the system to control the temperature 
and maintain it between room temperature 

60 and 85° C. Agitation during the polymeriza- 
tion is generally desirable but may be omitted. 
The amount of water may be selected at the 
beginning of the polymerization procedure 
with reference to the amount of oomonomers 
05 to be copolymerized so that any desired 



concentration on the order of 25 to 50% or 
more of copolymer is obtained in dispersed 
condition in the reaction vessel. The co- 
polymer dispersion thereby obtained may 
be directly transported, or sold and shipped, 70 
to a point at which it is to be used for 
thickening or other purposes. 

Examples of emulsiners that may be used 
include the alkali metal salts of higher alkyl 
sulfates, suoh as sodium lauryl sulfate or 75 
sodium a-hydroxy ootadeoane sulfonate. 

The dispersions of the present invention 
may be used for thickening many aqueous 
systems, suoh as other emulsion oopolymer 
dispersions obtained by emulsion polymeriza- 80 
tion, natural rubber latices as well as syn- 
thetic rubber latices, aqueous coating com- 
positions for the paper, leather, and textile 
industries, water-base paints, including those 
using aqueous dispersions of emulsion-poly- 85 
merized vinyl or acrylic monomers, drilling 
muds, waxes, polishes, pigment suspensions, 
cosmetics and toiletries, food products and 
pharmaceuticals. 

Among the latices and aqueous dispersions 90 
of vinyl and acrylic polymers that are 
obtained by emulsion polymerization and 
may be thickened by the use of the disper- 
sions of the present invention are copolymers 
of styrene with butadiene, similar copolymers 95 
of acrylonitrile with butadiene, homopoly- 
mers of styrene, homopolymers of vinyl 
chloride, copolymers of 75 to 95% vinyl 
chloride with 25 to 5% of vinylidene chloride, 
acrylonitrile or vinyl acetate, polychloro- 100 
prene, vinyl acetate homopolymers and 
copolymers, homopolymers and copolymers 
of acrylic acid esters or methacrylio acid 
esters, such as those of alcohols having one 
to eight carbon atoms listed hereinabove, 105 
also copolymers of the acrylic acid esters or 
methacrylio acid esters with vinyl chloride, 
vinyl acetate, acrylonitrile, styrene or the 
like. 

The aqueous dispersions of these water- 110 
insoluble polymers may contain emulsiners 
of onionio and non-ionio type. Suitable 
anionic emulsiners that may be present in- 
clude the higher fatty alcohol sulfates such 
as the sodium or potassium salts of the 115 
sulfates of alcohols having from eight to 
eighteen carbon atoms, such as lauryl alcohol, 
alkali metal salts or amine salts of higher 
fatty acids suoh as those of fatty acids having 
from eight to eighteen carbon atoms with 120 
sodium, potassium, or any of the ethanol- 
amines, such as triethanokmine, examples 
of which include triethanolamine oleate or 
stearate, rosin soaps, sulfonated compounds 
such as turkey red oil or sulfonated ricinoleic 125 
acid, and sulfonated alkylaryl compounds, 
suoh as sodium dodeoyl benzene sulfonate 
and sodium ter^octylphenoxydiethoxyethanol 
sulfonate. Examples of non-ionio emulsiners 
include alkylphenoxypolyethoxyethanols 130 
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having alkyl groups of about seven to eighteen 
carbon atoms and about nine to thirty or 
more oxyethylene units, such as heptyl- 
phenoxypolyethoxyethanols, ootylphenoxy- 
6 polyethoxyethanols, methyio ctylphenoxy- 
polyethoxyethanols, .nonylphenoxypolyetn- 
oxyethanols and dodeoyiphejioxypolyethoxy- 
ethanols ; jpolyethoxyethanol derivatives of 
methylene-linked alkyl phenols ; sulfur - 
10 containing agents such as those made by 
condensing the required proportion of ethy- 
lene oxide with nonyl, dodecyl, tetradeoyl, 
and the like mercaptans or with alkylthio- 
phenols having alkyl groups of six to fifteen 
16 carbon atoms ; ethylene oxide derivatives of 
long-chained carboxyiic acids, such as laurio, 
myristic, palmitic and oleio or mixtures of 
acids such as found in tall oil ; ethylene oxide 
condensates of long-ohained- alcohols, such as 
20 octyl, decyl, lauryl, or cetyl alcohols ; and 
ethylene oxide derivatives of etherified or 
esterified polyhydroxy compounds having a 
hydrophobic hydrocarbon nhain 
Besides being useful in thickening aqueous 
25 svstems, some of the emulsion copolymers of 
the present invention, and especially those 
that are modified by light cross-linking as 
discussed hereinafter, may be used to thicken 
polar organic solvent systems. These co- 
30 polymer dispersions, in which the copolymer 
is still in acid, form, are effective thickeners 
for methanol, ethanol, ethylene glycol, 
acetone, dioxane, methyl ethyl ketone, the 
mono-ethyl and mono- butyl ethers of di- 
35 ethylene glycol, and 2-butoxyethanol and 
systems containing such solvents mixed with 
other solvents including water ; while, in the 
sodium salt form, they are effective thickeners 
for methanol, ethanol, glycerol, ethylene 
40 glycol and mixtures thereof with other 
solvents, such as water. Thus, they may 
be used for thickening paint-removing solvent 
systems so that they do not run off inclined 
and especially vertical walls or other surfaces. 
45 For some purposes the dispersion of the 
copolymer may be dried, such as by a spray- 
drying technique or a drum-drying technique 
(in which the film is spread as a thin film on 
a heated drum), whereby a powder is directly 
50 obtained which, can then be dissolved or 
dispersed in any solvent desired, either of 
aqueous or non-aqueous organic type. 

In many instances, the preferred method 
of application of the dispersions of the 
55 present invention for tMckening purposes is 
to add the aqueous dispersion of the co- 
polymer of methacrylio acid to the medium 
to be thickened and, after thoroughly mixing 
therein, to introduce an aUrAling material to 
60 neutralize the acid copolymer. For some 
aqueous dispersions, it is preferred that there 
be present an alkaline material which auto- 
matically neutralizes the copolymer as it is 
introduced. Neutralization is fairly rapid 
65 after the copolymer dispersion has been 



mixed in. The major portion of the thicken- 
ing effect is obtained within a period of five 
to twenty minutes, although in some cases a 
small additional increase in viscosity may 
occur on standing longer. 70 

Sufficient alkali may be employed to 
neutralize the acid copolymer completely or 
an excess thereof may be employed. How- 
ever, it has been found in cases involving 
aqueous thickening that even greater thicken- 75 
ing effects are frequently obtained when the 
proportion of alkaline material used is only 
sufficient to neutralize from 50 to about 75% 
of the carboxyiic acid groups in the copolymer. 
This provides an additional way of obtaining 80 
a maximum tm^ening effect with a given 
amount of the thickening copolymer of the 
present invention. Of course, quite generally 
the degree of neutralization of the carboxyiic 
acid groups in the copolymer must be such 85 
as to produce the desired thickening effect. 

Alternatively, instead of adding the emul- 
sion copolymer of the methacrylic acid to the 
system to be thickened and neutralizing 
subsequently or as a result of the presence 90 
of an alkaline material in the aqueous 
system being thickened, the aqueous co- 
polymer may be neutralized in its dispersion 
before it is added to the system to be 
thickened. Generally, however, if this pro- 95 
cedure is employed, the aqueous dispersion 
of the thickening copolymer should first be 
diluted to about a 6 to 15% solids concentra- 
tion* to ^facilitate the handling thereof and 
especially the intermixingo? the aqueous 100 
dispersion of the copolymer salt obtained by 
neutralization with the systems to be 
thickened. 

Preferably, the first procedure is employed 
wherein the dispersion of the copolymer of 105 
methacrylio acid before neutralization is 
added to the material to be thickened because 
an extremely high concentration, from 25 to 
50%, of thickener solids can be employed 
and the compounder, in using such a high 110 
solids material, is handling a composition of 
low viscosity. 

The copolymers hereinabove defined may 
further be modified by introducing a small 
proportion of a polyethylenicaJly unsaturated 115 
copolymerizable monomer, such as di vinyl- 
benzene or diallylphthalate. Thus, from 
0.1 to 0.8%, and preferably 0.1 to 0.5%, of 
such polyethylenlcally unsaturated com- 
pound may be introduced, based on the total 120 
weight of monomers. When this procedure 
is employed, there is a very low degree of 
cross-linking which, in effect, greatly in- 
creases the molecular weight and. thickening 
efficiencies of the methacrylio acid copoly- 125 
mers in many systems. It is believed that 
the resulting polymer molecules are either 
highly branched or probably in the form of 
three-dimensional networks. In the sodium 
salt form, these networks swell several hun- 130 
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dred-fold and the consequent " micro-gel " 
structure acts as a highly efficient thickener. 
The cross-linking procedure is particularly 
applicable to copolymers containing 26 to 
6 60% by weight of methaaryiio acid, at least 
10% of a lower alkyl ester of acrylic acid, 
and 0 — 40% of another neutral comonomer, 
such as methyl methaoryiate. If proportion 
of methacrylio acid is increased to 60 or 70%, 

10 then, as before with the linear copolymers! 
this results in the disadvantage that it is 
necessary to lower the polymer solids in the 
emulsion to attain satisfactory stability. The 
preparation of the copolymers using a cross* 

16 linkin g agent is effected in the same general 
manner as described hereinbefore, except for 
the additional incorporation of the appro- 
priate proportion of cross-linking agent. 
While the broad range of the proportion of 

20 the cross-linking agent is from 0.1 to 0.8% 
by weight, the optimum benefits are ob- 
tained for many cross-linking agents in the 
range of 0.15 to 0.3%, as is the case when 
diallyl maleate and diallyl phthalate are used. 

26 The examples of cross-linking agents that 
may be used include any copolymerizable 
compound which contains two or more non- 
conjugated points of ethylenio unsaturation 
or two or more non-conjugated vinylidene 

30 groups of the structure, CH a =C=, such as 
divinyltoluene, divinylbenzene, trivinyl- 
benzene, divinylnaphthalene, ethylene glycol 
diacrylate or dimethacrylate, trimethylene 
glycol diacrylate or dimethacrylate, 2-ethyl- 

35 hexane- 1 ,3 -dimethacrylate, divinylxylene, di- 
vinylethylbenzene, divinyl ether, divinyl 
sulfone, allyl ethers of polyhydrio compounds 
such as of glycerol, pentaerythritol, sorbitol, 
sucrose and resorcinol, divinylketone, di- 

40 vinylsulfide, allyl acrylate, diallyl maleate, 
diallyl fumarate, diallyl phthalate, diallyl 
succinate, diallyl carbonate, diallyl malonate, 
diallyl oxalate, diallyl adipate, diallyl seba- 
oate, diallyl tartrate, diallyl silicate, triallyl 

45 tricar ballylate, triallyl aoonitate, triallyl 
citrate, triallyl phosphate, N,N 1 -methylene- 
diacrylamide, lOf 1 - methylenedimethacryl- 
amide, N.N 1 - ethyhdene^hWylamide and 
1,2 - di - (a - methylmethylenesulfonamide)- 

50 ethylene. 

When the cross-linked copolymers are 
employed, they may be applied for thicken- 
ing by tiie same two general -procedures 
described hereinabove. As before, the pre- 

55 ferred procedure involves the addition of the 
copolymer still in the acid condition so that 
the dispersion thereof is of quite low viscosity 
to the system to be thickened, which either 
contains the neutralizing agent or to which 

60 the alkaline neutralizing agent is later added. 
However, if for any reason in a particular 
system it is preferred to neutralize the co- 
polymer before adding it to the system to be 
thickened, it is preferable to dilute the 

65 aqueous emulsion copolymer thickener to a 



solids concentration of 5% or less before 
neutralization to facilitate handling and 
intermixing with the system to be thickened. 

It appears that one of the main reasons for 
the higher thickening efficiencies of the 70 
cross-linked copolymers in many systems is 
attributable to the higher molecular weight. 
The cross-linked copolymers of the present 
invention are especially advantageous for 
thickening aqueous systems which contain 75 
rather large proportions of wetting and /or 
dispersing agents, such as in highly stabilized 
latices either of natural rubber, synthetic 
rubber, or of vinyl or acrylio monomers. 
The cross-linked copolymers are also espeoi — 8Q 
ally effective in thickening low solids (e.g., 
10 to 20%) systems or water itself. The use 
of the linear type of thickeners in pigment 
suspensions often results in a fiocoulation 
effeot with resulting separation, whereas the 85 
use of the oross-linked polymer thickeners of 
the present invention is generally free of any 
flocculating tendencies. These lightly cross- 
linked materials are unique in the water- 
soluble polymer field in regard to their sus- 90 
pending action for pigments, abrasives, 
ceramics, etc. Unlike conventional poly- 
acrylate or natural gum thickeners, it is 
possible with the lightly oross-linked emul- 
sion copolymers of the present invention to 95 
thicken suspensions of pigments to relatively 
low viscosities (500 to 100 cps., Brookfield * 
12 R.P.M., 2&° C.) and yet obtain stability in 
the suspension as measured by lack of 
separation. 100 

A pronounced advantage of the cross- 
linked modification is that the aqueous 
thickening obtained by the use of a given 
proportion of the thickening copolymer is 
relatively independent of temperature as 105 
compared to the linear copolymer thickeners 
of the present invention which tend to 
manifest reduction in viscosity as the 
temperature increases. This independence 
of viscosity on temperature is also observed 110 
in many latex, compounded latex, and pig- 
ment dispersions. For example, in aqueous 
synthetic emulsion polymer paint systems 
which are used in hot climates or during hot 
weather or in other elevated temperature 115 
environments, use of the oross-linked thick- 
eners ii highly advantageous. 

The proportion of the thickener (linear or 
micro-gel) that may be employed in any 
given system may fall within a wide range, 120 
depending upon the particular system and its 
concentrations. As little as 0.1 % (by weight, 
based on total weight of solids in the system 
to be thickened) of thickener copolymer solids 
may be adequate for many purposes. On 125 
the other hand, for some systems, it may be 
desirable to use as muoh as 5% or more of 
the thickener copolymer. Generally, the 
use of from 0.5 to 2% ofthethioker copolymer ■ 
is adequate for most thickening purposes. 130 



870,994 



5 



10 



60 



55 



60 



The ammonium salts of both the linear and 
• cross-linked copolymers of the present inven- 
tion are also useful as binders for ceramics. 
Alnnfr with good binding properties in this 
application, they have low ash content on 
burning out, being on the order of about 
: two-thirds of a per cent. The ash content 
of the polymer dispersion can be further 
reduced to as low as about 0.04% or less by 
treatment with a mixture of cation-exchange 
and/or anion-exchange resins. 

The copolymer disperjsions of the present 
invention are also useful for the production 
. of water-insoluble coatings or films. 3Tor 
15" this purpose, the acid form of the emulsion 
copolymers in their aqueous dispersion may 
be converted to the ammonium salt and then 
zinc ammonium complex salts are added. 
This provides a solution of the copolymer 
which can be applied to surfaces to be coated 
or impregnated from the aqueous medium 
and which dry to produce a clear, colorless, 
water-insoluble film. 

While anion, Le, water-soluble polymers of 
high molecular weight- are not prime floccu- 
lants for aqueous suspensions of suspended 
solids, such as of inorganic or. .organic 
materials, including minerals- and ores; they 
do act as floc-stabflizers. That is, if a system 
is put in the flocculated state by the addition 
of salt or some other means, the addition of 
anionic polymers will then serve to stabilize 
and increase the size* of -the floes. This 
results in increased settling and filterability 
of the suspension. The copolymer disper- 
sions herein described exhibit this floe- 
stabilization property. Compared to con- 
ventional acrylic thickeners, the dispersions of 
the present invention have tie added 
advantage that they can be added directly 
in the acid form to alkaline suspensions to 
give in situ " floo-stabilization." 

The lightly cross-linked copolymer dis- 
persions of the present invention may be 
added to all sorts of coating compositions of 
aqueous type, such as aqueous dispersions of 
water-insoluble emulsion copolymers, hydro - 
philio colloids, such as polyvinyl alcohols, 
hy drolyzed or partially hydrolyzed polyvinyl 
acetates, and the like which are of alkaline 
character. The addition of the cross-linked 
copolymer dispersions of the present inven- 
tion to such systems renders the systems quite 
thixotropic and imparts short flow. This is 
useful when the compositions are intended 
to be applied to porous substrates and it is 
desired to have a relatively low penetration 
of such substrate. For example, in coating 
compositions intended to be applied to 
textile fabrics, such as printing pastes, the 
application of such pastes such as by passage 
through rolls is such that the shear of the 
roll sets the layer in position on the fabric 
• without causing excessive penetration of the 
65 fabric. The cross-linked copolymer disper- 



20 



25 



30 



35 



40 



sions are especially valuable in the prepara- 
tion of aqueous alkaline systems for the 
finishing, filling, rug backing and pigment- 
printing and dyeing of textile fabrics. 

The use of small amounts of high mole- 70 
cular weight polyeleotrolytes as soil con- 
ditioners is well known. The addition of 
0.01 to 0.5% of these polymers to soil results 
in the formation of soil aggregates which are 
stable to the action of rainfall. This pre- 75 
vents the surfacerslaking of soil with con- 
sequent increase in seed emergence rate. 
Previous work has described the use of either 
solution or solid forms of polyelectroly tes to 
achieve this soQ-conditioning effect. The 80 
solution form has the disadvantage of low 
• solids and high viscosity and also the extreme 
difficulty of . uniformly . incorporating the 
polymer into the soil. The powdered forms 
are relatively slow to dissolve in the soil 85 
water. They present a severe dusting pro- 
blem, and they are also difficult to incor- 
porate uniformly. The copolymer disper- 
sions of the present invention are admirably 
suitable for conditioning soils having pB 90 
values above seven. They are substantially 
lower in cost than previously-described 
materials and they can be uniformly incor- 
porated into the soil with ease since they are 
applied to alkaline soils as appropriately .95 
diluted water-thin dispersions and act as 
"in situ" soil conditioners. The alkaline 
soils present in arid regions are particularly 
amenable to treatment by these polymers. 
. The copolymer dispersions of the present 100 
invention are useful as additives for drilling 
muds. The copolymers herein described are 
useful water-loss control agents and, since 
all commercial drilling fluids are alkaline, it 
is possible to. add the copolymer, dispersions 105 
in the acid form directly to the aJkafine clay 
dispersion, that is, the drilling mud, where 
the copolymers are then solubilized by the 
alkalinity and serve to reduce the water-loss 
when the drilling mud contacts porous HO 
structures. For this purpose, lower mole- 
cular weight polymers such as those made in 
the presence of a chain transfer agent are 
generally preferred. 

In the following examples which are illus- ji5 
trative of the invention, the parts and per- 
centages are _ by - -weight unless otherwise 
specifically indicated and, unless otherwise 
noted, the viscosities are in centipoises and 
determined with a Brookfleld visoosimeter at 120 
12 F .P.M and 25° C. The emulsifiers used 
are as follows : — 

Emnlsiner A — Sodium a - hydroxy - octa- 

decane-sulfonate. 
Emulsifier B — Sodium lauryl sulfate. 125 
•Rmnlflififlr C — ^Octyrphenoxypolyethoxy- 

ethanol containing about ten oxyethy- 

lene units. 
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Example L 
The following are added to a reaction 



900 ex. 



Water .. • .. 
Solutioirol1)^feaifirFeSO^ " 

7H a O in 500 c.c. water .. 
J-Butyl hydroperoxide 



75 o.c. 
0.3 o.o. 



An aqueous emulsion is prepared by 
agitating together in a separate vessel the 
10 following : . — 7* "" * 7- 

Aqueous Emulsifier B (27%) 111 grams 
Deionized water . . . . 1020 o.c. 
Ammonium persulfate • - . . 3 grams 
Ethylaerylate ..750 grams ; 

15 Butyl methacrylate . . . 255 grams 
Methacrylio acid .. 495 grams 

To the reaction vessel, there is then added 
450 grams of the "monomer emuMon; the 
temperature of the contents being then 

20 adjusted to 20° C:, and 0.6 gram of sodium 
metabisulfite is then added. The tempera- 
ture rises and levels off at about 60° C; Tien 
additional -monomer emulsion is added at a 
rate of 222 grams every ten minutes and 

25 concurrently a solution of 3.75 grams of 
sodium metabisulfite in. 15.0 c.o. of «rater is 
added at a rate of 15 o.c every ten minutes 
until all of the emulsion and metabisulfite 
are added. The total time of polymeriza- 

30 tion (during whioh the temperature is main- 
tained at 50° to 56° C. by cooling) amounts 
to 110 minutes, at which time about ten 
drops of <-butyl hydroperoxide are added 
and the reaction mixture is stirred another 

35 half hour. After cooling to 30° C, the dis- 
persion is filtered. The nitrate provides an 
approximately 40% solids emulsion copoly- 
mer dispersion (substantially 100% yield) in 
which the copolymer composition is appro xi- 

40 mately 33% methacrylio acid, 17% butyl 
methacrylate, and 60% ethyl acrylate. 

This polymer is solubilized after dilution 
with water by addition of an equivalent 
amount of NaOH. This instantaneously 

45 gives a clear solution.- £ 6% solution of the" 
salt has a viscosity of 1600 ops. and a pH 
of 8;0r- — - — - 

EXAMPLE 2. 

An aqueous- dispersion containing about 
50 29% of a copolymer "of about 40% meth- 
acrylio acid, about 60% ethyl acrylate, and 
0.20% of diallyl inajeate is prepared as 
follows : 

.An aqueous emulsion is made by mixing 
55 together the following : 



Deionized water .. 835 ml. 

Aqueous Emulsifier B (27%) 30 grams 
Ethyl acrylate 324 grams 

Methacryjic aeid- . .- v .—216 g r ams 

Diallyl maleate " .. .-. 1.08 grams 60 
- - Ammoiiium -persulfate- — .-. * • ~1 .-35" grams 

One hundred and thirty grams of this 
monomer. emulsion and 470 Co. of deionized 
water are charged into a glass reaction 
vessel and are heated to about 90° C; When 65 
refluxing stops, the remaining monomer 
emulsion is"mtr6duced"at a "rate^oTAout 
18 grams /minute. After addition is com- 
pleted, the dispersion is maintained at about 
90° C. for 16 minutes. Then it is cooled to 70* 
room temperature and filtered through cheese 
cloth to remove minute- traces of gum. 

The -above polymer dispersion is diluted 
and an equivalent amoun; of sodium 
hydroxide is added. This instantaneously 75 
gives a "clear solution whioh has a 6% 
viscosity of "45,600 ops. and "a . i>H~oT?79r~ 

Example 3-.— 
A variety of copolymer dispersions are 
prepared in a manner similar to that des- 80 
oribed in Example 1. These are then 
diluted and. converted to .the sodium salt by 
addition of one equivalent of NaOH and the 
thickening properties of the sodium salts 
are determined. The results : are given in 

85 

Table 1, wherein EA is ethyl acrylate, MTVTA 
is methyl methacrylate, MA A is meth- 
acrylio acid, BMA is butyl methaorylate, 
MA is methyl acrylate, and ST is styrene. 
Latex A is a commercially available synthetio 90 
rubber latex made by the " hot " process of 
a copolymer of butadiene and containing 
about 46% bound or copolymerized styrene 
to which 1% (on weight of copolymer) of 
emulsifier C is added as a stabilizer. The 95 
viscosity is measured after 2% (on weight of 
copolymer) of thickener copolymer solids is 
added, the final latex, the viscosity of which- 
is given in the table, having about 20% solids 
concentration after such additions. Without 100 
the addition of thickener copolymer, the 
latex has a viscosity of four centipoises and a 
. pK of about ten... .Latex B is .a. .dispersion 
of day in Latex A (without thickener) such 
that the ratio, of copolymer solidsutaxlay is 105 
1 : 1 and the butadiene-styrene solids con- 
centration is about 10%. The viscosity 
given in the table is that measured . after the 
addition of 5.0% of thickener copolymer 
solids (on weight of butadiene-styrene co- 110 
polymer solids), at which time the butadiene- 
styrene copolymer solids is 10.0%. Without 
the thickener, Latex B has a viscosity of 
three centipoises and a pH. of about 11. 
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Table L 



Sodium Salt 



Components 
Weight % 



Ifam ilgififtT 

Monomers 



Solids 



1% 
Solution 
in water 



MA A EA 


Other 






% 


pK 


Vise. 


2% in 5% in 
Latex A Latex B 


30 60 


10 MMA 


2 


B 


41.1 


7.75 


84 




1300 


33 60 


17 MMA 


2 


B 


40.0 


7.7 


74 


0300 


7000 


40 20 
40 60 


40 MMA 


4.3 


B 


26.5 


8.1 


515 


1210 


2640 


0 


2 


A 


35.3 


8.0 


316 


5480 


7000 


50 25 


25 MMA 


1.6 


B 


33.5 


7.6 


625 


710 




33 50 


17 BMA 


2 


B 


41.1 


8.0 


77 




6200 


33 60 


17 ST . 


2 


B 


41.0 


8.3 


24 




2880 


28 36 
NaPA% 


36 MA 


2 


B 


29.6 


7.8 


68 




5920 








12.6 


8.6 


101 


545 


250 



10 



15 



20 



Note*- 



-All copolymers are believed to have viscosity average molecular 
weights substantially in excess of 100,000. E.g., the second in 
the table has an intrinsic viscosity of 1.34 deciliter per gram in 
acetone corresponding to an estimated viscosity average molecular 
weight of 600,000. .. 

Note Sodium salt of 70% hydrolysed polyacrylonitrile included in the 
table as representative of a conventionally available thickener 
for comparative purposes. 



25 Example 4. 

A series of cross-linked emulsion copoly- 
mer dispersions are prepared in a manner 
similar to that described in Example 2, 
using 2% emuMfier A and diallyl phthalate 

30 instead of diallyl maleate. These polymer 
dispersions are diluted and are then con- 
verted to the sodium salts by addition of an 
equivalent amount of NaOH and the thicken- 
ing properties of the salts are determined in 



their own 1% and 5% aqueous solutions and 
when added to Latex 0, a butadiene-acrylo- 
nitrile copolymer dispersion (having a vis- 
cosity of 3 ops. -when diluted to 20% solids 
and pK of about eight before addition), 
the amount of thickener copolymer being 
5% solids on the weight of acrylonitrile 
copolymer solids, and the final concentration 
of the latex being 20%. The results are 
given in Table II. 



35 



40 



45 



Table II. 



Copolymer Dispersion 



Sodium Salt 



50 


Cross- 
Linker 

% 


Solids 
% 


"5% 
Solution 

in water 
pR Vise. 


1% 
Solution 
in water 

Vise. 


5% in 
Latex C 

Vise. 




None 


25 


8.0 — 


50 


670 




0.10 


25 


8.0 890 


144 


1340 




0.20 


25.6 


8.1 16,900 


1460 


4720 




0.30 


26 


8.0 30,600 


2640 


4000 


65 


0.40 


26 


7.9 >60,000 


4360 


2280 




0.50 


26 


8.4 >50,000 


2120 


390 




0.65 


26 


8.2 >60,000 


940 


140 
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Example 6. 
A series of cross-linked emulsion copolymer 
dispersions are prepared, using 1.6%, emul- 
sifies: B or 3% of emulsifier A as indicated 
and different cross-linkers in a manner 
similar to Example 2, except the last, which 
is made in a manner niwiilftr to ffrgfl.Ttip lft 1. 



All copolymers are 60/40/EA/MAA weight 
ratio and contain 0.10 or 0.20% of the cross- 
linker. They are converted to the sodium 
salts and tested for thickening on latex C as 
in Example 4. Table HE gives the following 
results : 



10 



Table HI. 



15 



Copolymer Dispersion 



Sodium Salts 



Cross-linker 



Type 



— EmuMer Solids 
t % 



6% Solution 1% Solution 6% in 
in water in water Latex 

C 

2>H Viae. Vise. Vise. 



20 


Polyallyl ether of 
sucrose (6.2allyl 
groups per mole- 
cule) 0.20 


B 


29 


7.8 


29,800 


3460 


3480 




Diallyl maleate 0 . 20 


B 


29 


7.9 


45,600 


4920 


3800 


25 


Diallyl phfchalate 0.20 


B 


28 


7.6 


29,900 


3100 


4260 




Trimethylene glycol 
diacrylate 0.10 


A 


26 


8.0 


>50,000 


2100 


2660 



Example 6. m 1.5% Na lauryl sulfate as the emulsifier. 

A series of cross-linked emulsion oopoly- BA is butyl acrylate. Their viscosities and 

30 mer dispersions are prepared containing thickening effect on Latex C are determined 35 

varying methacrylio acid content. All of as in Example 4. 
these contained 0.20% diallyl phthalate and 

Table IV. 



40 



45. 



Copolymer Dispersion Na Salt 




Wtij] 


Xt ^MAA 




5% Solution 


1% Solution 


5% in 


EA 


% 


in water 


in water 


Latex C 






Solids 


pR Vise 


Vise. 


Vise. 


75 




25 


28 


7.9 23,900 


1620 


3060 


67 




33 


28 


8.2 16,400 


1640 


4240 


50 




50 


25 


8.2 24,000 


2820 


4200 


40 




60 


21 


8.1 16,800 


1840 


3420 




60 


40 


29 


8.3 40,000 


960 


3800 



Example 7. 
(a) A 40% aqueous dispersion of a co- 
polymer of 50% EA, 17% MMA and 33% 
50 MA A (second in Table I) is diluted to 5% 
concentration, neutralized with NaOH and 
then added to several portions of various 
-. lattices in different amounts until the vis- 
cosity is raised to 2000 ops., 6000 cps., and 
55 10,000 ops.i respectively. The percentage 
added is given below on the basis of thickener 
copolymer solids on total solids of the 



system to be thickened. In 50% solids 
natural rubber latex, the percentages needed 
to give the viscosities above are 0.6%, 2.2%, 60 
and 3.5%. In a 39% aqueous dispersion of 
the potassium salt of a copolymer of 67 % EA, 
31.7% MMA, and 1.3% MAA, the amounts 
of thickener added are 0.8%, 2.6%, and 
3.7 %. The amounts of thickener added to a 65 
60% aqueous dispersion of rutile TiO, dis- 
persed with 0.25% of the sodium salt of a 
copolymer of maleic anhydride and diiao- 
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re- 



10 



15 



20 



26 



butylene are 0.5%, 1.2%, and 1.7%, 
spectively. The amounts added, to give 
viscosities of 2000 and 6000 ops, in a 35% 
solids dispersion in water of a mixture of 
one part of Ti0 2 , four parts of olay, and 0.7 
part of the potassium salt of a copolymer of 
87% EA, 10.6% MMA, and 2.5% of itaconic 
acid are 3.2% and 5%, respectively. 

(b) An approximately 29% aqueous 
dispersion of a copolymer of 60% EA, 40% 
MAA,. and .0.20%. (on eight of EA and MAA) . 
of diallyl phthalate is diluted to 5% concen- 
tration, neutralized with NaOH and then., 
added to several portions of various latices 
in different amounts until the viscosity is 
raised to 2000 cps., 6000 cps., and 10,000 cps., 
respectively. The percentage added is given 



solids and neutralized "with NaOH. The salt 
solution is then added to the initial rutile 
Ti0 8 dispersion of Example 9 until 9% of 
the salt on the weight of pigment solids has 
been introduced. The final concentration 
of the pigment dispersion is 10% pigment 
solids and it has a viscosity of 2800 cps. 

Example 11. . 
To 87 parts of a 45% aqueous dispersion 
of a copolymer of 67%- EA* 31v7-^IMA, and 
1.3% of the NH 4 salt of MAA, there are 
added 0.1 part-of 28% ammonium hydroxide 
and 0.9 part of a 40% aqueous dispersion of 
an emulsion copolymer of 60% EA and 40% 
MAA diluted with - twelve - parts of -water. 
The final dispersion has a pR of 7.0, a solids 



bdow_qnj£e_basis of. thickener copolymer — costent^of- about S9%,- and a -visoositv of 



solids on total solids of the system to be 
thickened. In 50% solids natural rubber 
latex, the percentages needed to give the 
viscosities above are 0.8%, 1.3%, and 1.6%. 
In a 39%aqueous dispersion of the potas- 
sium salt of -a copolymer of 67% EA, 31.7% 
MMA, and 1:3% MAA, the amounts of 
thickener added are. 1.0%, 1.3%, and 1.6%, 
respectively. The amounts of thickener 
added to a 60% aqueous dispersion of rutile 
TiO a dispersed with 0.25% of the sodium 



6100 ops. and contains 1% of the 40% MAA 
copolymer (based on its ammonium salt) on 
the weight of the first copolymer. 

- Example 12. 
The 40% aqueous dispersion of Example 
11 is diluted to 5% solids concentration and 
neutralized with ammonium hydroxide. The 
salt solution obtained is then added to the 
45% aqueous dispersion of Example 11 until 
1% of the salt (on the weight of 1.3% MAA 



30 ^t^^VLf^toT^^^^ is -introduced, "A the 



diisobutylene are 0.3%, 0.5%, and 0.6%, 
respectively. The amounts added to give 
viscosities of 2000 and 6000 cps. in a 35% 
solids dispersion in water of a mixture of one 
35 part of TiO 2 , four parts of day and 0.7 part 
of the potassium salt of a copolymer of 
87% EA, 10.5% MMA, and 2.5% of itaconic 
acid are 1.4% and 1.9%, respectively. 

Example 8. 

40 To-83 parts of a 60% solid s natural rub - - 
ber latex, there are added 12.7 parts of 
H fi O, 0.3 part of 28% ammonium hydroxide, 
and 4.0 parts of a 28% dispersion in water of 
an emulsion copolymer of 60% EA, 40% 

45 MAA, and 0.20% (on total EA and MAA) of 
diallyl -phthalate. -The latex obtained has — 
50% total solids and a viscosity of 24,000cps. • 

Example 9. 
To 82 parts of a dispersion in water of 

50 rutile TiO a (12.2% solids), there are added 
15.1 parts of 1% sodium hydroxide-solution- 
and 2.9 parts of a 28% aqueous dispersion 
of an emulsion copolymer of 60% EA, 40% 
MAA, and 0.25% (on total of EA and MAA) 

55 of diallyl phthalate. The final dispersion 
has a 10% pigment solids content and a 
viscosity of 2840 cps. and contains 9% of the 
thickener (based on sodium salt form) on the - 
weight of pigment solids. 

60 Example 10. 

The 28% aqueous dispersion of cross-linked 
copolymer of Example 9 is diluted to 5% 



to 39%. The 
C of 6.8 and a viscosity 



05 



70 



75 



80 



85 



90 



final latex solids is 
final dispersion has a p] 
of 7100 cps. 

Example 13. 
(a) Eighteen parts of an . emulsion co- 95 
polymer dispersion, of 28% solids consisting 
of 60 parts of EA with 40 parts of MAA, 
cross-linked by 0.2% of diallyl phthalate, is 
added to 82 parts of the monoethyl ether of 
diethylene . glycol, yielding., a viscosity of 100 
6200 cps. Eighteen parts of the same acid 
emulsion copolymer dispersion in 82. parts 
of the monobutyl ether of diethylene glycol 
yields a viscosity of 6680 cps. The intro- 
duction of 18 parts of the same acid emulsion 105 
copolymer fUspftrBfort .in 82 parts of 2-butQxy- 
ethanol yields a viscosity o£3120 ops. 
- (b) One per cent of the sodium salt of the 
same copolymer in a mixture of 39 parts of 
ethanol with 50 parts of. water yields a no 
viscosity of 2400 cps. and at the level of 
1% in a Tnixtnro of 62 parts of glyjoerol with 
50 parts of water yields a viscosity of 
6000 cps. 

Example 14. 115 
(a) A 10% aqueous dispersion of an 
anionically dispersed, paint . grade, fine- 
particle size (0.4 micron), rutile FiO fi of pK 10 
is thickened with 0.54% (based .on total 
suspension) of the sodium salt of the. co- 120 
polymer of Example 13 to give a viscosity 
of 950 cps. This suspension shows no separ- 
ation on storage for 60 days. When .other 
conventional thickeners are used in amounts 
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to attain 950 cps. in such a suspension, the 
suspensions show separation. 

(b) A 10% aqueous* dispersion of anionic- 
ally dispersed, 2-micron, filler grade, calcium 
5 carbonate having a pR of. 9 J is thickened 
with 0.36% (based on total suspension) of the 
sodium salt of Example 13 to give' a, viscosity 
of 151 cps. This suspension shows no separ- 
ation after fourteen days, whereas the same 
10 suspension without thickeners had com- 
pletely settled during the fourteen day 
period. 

Example 15. 
Preparation of Insoluble Coating or Fihn. 

15 To 24 parts of a 50 /17 /33 EA/MMA/MAA 
dispersion having 40% solids concentration 
are added 73.8 parts of water and 2.2 parts 
of 28% ammonia. To this solution there is 
added a solution containing four parts of the 

20 dihydrate of zinc acetate and 4.4 parts of 
28% ammonia. The pTL is adjusted to 
about 9.5 with ammonium hydroxide. The 
solution is coated on glass, wood, steel, 
aluminium, and leather panels and dried, 

25 yielding in every case a water-insoluble 
coating on the respective substrate. 

Example 16. 
Aid for Filtration and Sedimentation. 
The settling rate and nitration time are 

30 determined by a suspension containing 10 
grams of kaolin per 100 o.o. in 0.18 N sodium 
ohloride at a pE of 7.6. Whereas the kaolin 
suspension withont any addition settled at 
the rate of 0.042 cm. per second and re- 

35 required a total filtration time of 710 seconds, 
the incorporation into the suspension of the 
copolymer dispersion of Example 15, with 
the copolymer in the sodium salt form, so as 
to provide 0.1% of the copolymer on the 

40 weight of the clay, increases the settling rate 
to 0.067 cm. per second and reduces the 
filtration time to 125 seconds. The intro- 
duction of 0.1% (on weight of kaolin) of the 
sodium salt of the copolymer of Example 13 

45 increased the settling rate to 0.26 cm. per 
second and reduced the filtration time to 
335 seconds. 

Example • 17. 
Soil Conditioning. 

50 An alkaline soil (a 50% aqueous suspen- 
sion of which has a plEL of 10.4) containing 
about 20% sand, 60% silt, and 20% clay is 
sprayed with a 0.3% solids dispersion of the 
copolymer of Example 15 in the acid form 

55 in such an amount that the soil sample con- 
tains 77% moisture and 0.10% polymer on 
the weight of the soil. The soil sample is 
tested for aggregate stability as described 
by Hedrick and Mo wry {Soil SoL, 73, 427 — 

60 441, 1952). After 24 hours, the soil is 
pressed together and passed through a 4- 
mesh screen to form crumbs. The crumbs 
are dried and then wet-screened for 30 
minutes by the method of Yoder (J. Am. Soo. 



Agr. 28, 337-351, 1936). Whereas, without 65 
the addition of the polymer, only 12.5% of 
the soil was of a size greater than 0.26 mm., 
with the polymer addition, 73% of the soil 
had greater than 0.25 mm. size. 

Example 18. 70 

Drilling Mud, 

In a typical well-drilling operation wherein 
the water loss amounted to 18 o.o. within 15 
minutes with a typical " red mud " con- 
taining 17.55 lbs. /barrel of day (4 parts low 75 
yield clay to 1 part sodium bentonite), 2.5 
pounds NaOH, 3.0 lbs. /barrel quebracho, 
5.0 lbs. /barrel calcium hydroxide, the slurry 
having a pH. of 12.3, the addition of one 
lb. /barrel of the sodium salt of the copolymer 80 
of Example 13 reduced the water loss to a 
rate of 6.0 c.o. in 15 minutes and the addi- 
tion of one lb. /barrel of the sodium salt of 
the copolymer of Example 15 reduces the 
water loss to a rate of 7.0 o.o. per 15 minutes. 85 

WHAT WE CLAIM IS :— 

1 . A stable aqueous dispersion of a water* 
insoluble emulsion copolymer containing 25 
to 70% by weight of methaorylio acid, at 
least 10% by weight of a copolymerized lower 90 
acrylate component constituted by one or 
more copolymerized acrylic acid esters of a 
Ci— C 4 alcohol, and 0 to 40% by weight of 
one or more other copolymerized neutral 
monoethylenically unsaturated monomers, 95 
the dispersion containing a dispersing agent 
and having a solids concentration of from 
25% to 50% by weight. 

2. A dispersion according to Claim 1 
wherein the copolymer contains not more 100 
than 50% by weight of copolymerized meth- 
acrylioaoid. 

3. A dispersion according to Claim 1 or 
2 in which the lower acrylate component is 
constituted by copolymerized ethyl acrylate. 105 

4. A dispersion according to Claim 1 or 
2 in which the lower acrylate component is 
constituted by copolymerized butyl acrylate. 

5. A dispersion according to any one of 
Claims 1 — 4, wherein the copolymer is com- 110 
posed entirely of copolymerized methaorylio 
acid and said lower acrylate component. 

6. A dispersion according to any one of 
Claims 1 — 4, wherein the copolymer contains 
units from at least one other neutral mono- 115 
ethylenically monomer, which units are 
derived from one or more of the following, 
viz. esters of acrylic acid (other than C x — C 4 
alcohol esters), esters of methaorylio acid, 
esters of -itaoonio acid, vinyl acetate, vinyl 120 
chloride, acrylonitrile, methacrylonitrile and 
styrene. 

7. A dispersion according to any one of 
Claims 1—4, wherein the copolymer consists 

of copolymerized (1) methaorylio acid, (2) 125 
said lower acrylate component, and (3) 
methyl methacryiate. 
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S. A dispersion according to any one of 
the preceding claims containing, as dis- 
persing agent, £ to 6% by weight, based on 
the copolymer, of at least one anionic, or- 
6 non-ionic emulsifier. 

9. A dispersion according to any one of 
the preceding claims, except that the co- 
polymer also contains from 0.1 to 0.8% by. 
weight of (^polymerized polyethylenically 

10 unsaturated cross-linking agent. . 

10. A dispersion according to Claim 9, 
wherein the copolymer contains from 0.16 
to 0.3% by weight of said cross-linking agent. 

11. A dispersion, according to Claim 10, 
15 wherein the cross-linking agent is diallyi 

maleate or pnthalate. 
. . 12. A dispersion according to any one of 
the preceding claims, , wherein the copolymer 
contains from 25—38% . of copolymerized 
20 methaorylio acid. 

13. Dispersions according to Claim 1 or 
9, as the case may be, being ~ those com- 
positions described in the foregoing exahtples^ 

14. An aqueous thickened composition 
25 obtained by addition to a dispersion accord- 
ing to any one of Claims 1 — 13, or such dis- 
persion diluted with water, of an alkaline 
neutralizing agent in amount sufficient to 
neutralize some or. all of the carboxylic acid 

30 groups in the copolymer and thereby pro- 
vide a thickening effect. 

15. A method of thickening an aqueous 
medium which comprises adding a copolymer 
dispersion according to any one of Claims 

35 1 — 12, or such dispersion diluted with water, 
to the aqueous medium and adding an 
alkaline neutralizing agent to neutralize 
some or all of the carboxylic acid groups in 
the copolymer, the amount of copolymer dis- 

40 persion added and the degree of neutraliza- 
tion of the carboxylic acid groups being such 
as to thicken the aqueous medium. 

16. A method according to Claim 15, in 
which at least part of the alkaline neutral- 

45 lizing agent is introduced into the medium 
to be thickened before the addition of the 
copolymer dispersion. 

17. A method according to Claim 15, in 
which the alkaline neutralizing agent is 

60 introduced to the medium to be thickened 
after the addition of the copolymer dis- 
persion. 

18. A process according to any one of 
Claims 15—17, in which the medium to be . 

55 thickened is an aqueous dispersion of- an 
emulsion polymer. 
. 19. A method according to any one of 



Claims 15 — 17, in which the medium to be 
thickened is an aqueous pigment suspension. 

. 20. A method according to any one of 60 
Claims .15 — 17, in which the medium to be 
thickened is an aqueous clay suspension. 

. 21. A method according to any one of 
Claims 15 — 20, wherein the amount of co- 
polymer dispersion added is such as to pro- 65 
vide 0.1% . to 6% by weight of copolymer 
based on the total weight of solids in the 
first thickened medium. 

22. A method according to any one of 
Claims 15—21, wherein all the carboxylic 70 
acid groups in the copolymer are neutralized. 

23. A method according to any one of 
Claims 15—21, wherein from 50 to about 75% 
of the carboxylic acid groups in the co- 
polymer are neutralized. 76 

24. A method according to Claim 15, 
carried out substantially as hereinbefore 
described with reference to any of those of 
the foregoing examples which are appro- 
priate. 80 

25. A thickened aqueous medium when 
prepared by a method as claimed in any one 
of Claims 15— 24. 

26. A process is which an organic polar 
solvent system is thickened by the addition 85 
of a dispersion as claimed in any one of 
Claims 1 — 12 with or without neutralization 

of the carboxylic acid groups in the co- 
polymer. 

27. A powdered composition obtained by 90 
the. removal of: water from a dispersion as 
claimed in any one of Claims 1 — 12. 

28. The method which comprises coating 
a substrate with an. aqueous solution, 
obtained by adding ammonium hydroxide 95 
and a zinc ammonium complex, salt to a dis- 
persion according to any one of Claims 1 — 12, 
and drying the coating. 

29. A method of conditioning an alkaline 
soil which comprises treating the soil with a 100 
dispersion according to any of Claims 1 — 12 
after dilution of the latter with water. 

30. The method of floc-stabilizing an 
aqueous suspension of solid material which, 
comprises adding to the suspension a dis- 105 
persion according to any of Claims 1 — 12, the 
carboxylic acid groups in the copolymer 
being at least partly neutralized before or 
after addition to the suspension. 

For the Applicants : 

d. Yomra & co., 

9 Staple Inn, London, W.C.I, 
- - Ctowrtere^ 
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